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ABSTRACT
This paper presents the analysis of a combined 134 ks Chandra data of a peculiar
galaxy cluster Abell 2626. This study confirms the earlier detection of the east
cavity at ∼13 kpc and reports detection of a new cavity at ∼39 kpc on the west
of the X-ray peak. The average mechanical power injected by the AGN outburst
Pcav ∼ 6.6× 10
44 erg s−1 is ∼29 times more than required to compensate the cooling
luminosity Lcool = 2.30± 0.02× 10
43 erg s−1. The edges in the SB on the west
and south-west at ∼36 kpc and 33 kpc, respectively, have the gas compressions of
1.57±0.08 and 2.06±0.44 and are spatially associated with the arcs in the temperature
and metallicity maps due to the merging cold fronts. The systematic study of the
nuclear sources exhibited dramatic changes over the span of ten years. The NE
source that emitted mostly in the soft band in the past disappeared in the recent
observations. Instead, an excess emission was seen at 2.2′′ on its west and required
an unrealistic line of sight velocity of ∼ 675× c if is due to its movement. The count
rate analysis and spectral analysis exhibited a change in the state of the SW source
from a soft state to the hard due to the change in the mass accretion rate. No such
spectral change was noticed for the NE source.
Key words: galaxies: clusters: individual: Abell 2626 - X-rays: galaxies: clusters -
galaxies: clusters: intracluster medium
1 INTRODUCTION
The copious amount of X-ray emission from galaxy clus-
ters require that a large fraction of the intracluster
medium (ICM) must lose its thermal energy through the
bremsstrahlung radiation. As a result, in the absence of any
heating source, to support the weight of the overlaying lay-
ers, a cooling flow is expected to initiate at the core of such
clusters (Fabian 1994). The inferred rates of mass deposi-
tions onto the cores of such clusters using X-ray observa-
tions would be several hundreds to thousands of solar mass
a year (for a review see Fabian 1994). Though a wealth of
evidences supporting condensation of the ICM in the cores
of cooling flow clusters are available, the amount of cool gas
detected in reservoirs is a small fraction of that predicted by
the standard cooling flow model (Peterson & Fabian 2006;
⋆ patil@associates.iucaa.in
McNamara & Nulsen 2007, 2012). The precise high resolu-
tion XMMRGS spectroscopic observations of X-ray emitting
gas from cooling flow clusters failed to exhibit signatures
of the gas that has cooled below 1-2 keV (Peterson et al.
2003). Further, spectroscopic and imaging studies of the
cores of such clusters in UV and optical bands inferred
the star formation rates significantly lower than predicted
by the model (Johnstone et al. 1987). These discrepancies
between the observed and the predicted properties led to
the cooling flow problem and invited the necessity of a
powerful heating at the core to resolve this issue. Several
heating mechanisms have been proposed to suppress the
over cooling of the ICM, which include the electron ther-
mal conduction (Zakamska & Narayan 2003), cosmic rays
(Loewenstein et al. 1991) and supernovae (McNamara et al.
2004). However, the mechanical heating by Active Galactic
Nucleus (AGN) was regarded as the most prevalent solution
to the cooling flow problem (Fabian 1994; Binney & Tabor
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1995; Churazov et al. 2002; Roychowdhury et al. 2004;
McNamara & Nulsen 2007; Gitti et al. 2012). The “radio-
mode” of mechanical heating assumes a feedback loop, where
the cool collapsed ICM accreted onto the nuclear black hole
ignites the AGN and in its return develops energetic out-
bursts. The AGN outbursts deposit sufficiently large amount
of energy into the surrounding ICM and hence quench the
cooling flows in the cores of such clusters (for reviews see,
McNamara & Nulsen 2007; Fabian 2012; Gitti et al. 2012).
Several studies using high resolution X-ray data advocate
the viability of this mode of heating (e.g., Bˆırzan et al. 2004;
Dunn & Fabian 2008; Pandge et al. 2013), however, the ex-
act mode in which the AGN transfers its energy to the ICM
is not yet fully understood.
X-ray deficient bubbles or cavities, jets, outflows,
shocks, sonic ripples, and sharp density discontinuities
in the X-ray surface brightness distribution are some
of the most discernible evidences supporting the radio
mode of the AGN heating at the core of such clusters
(Markevitch & Vikhlinin 2007; McNamara & Nulsen 2007;
Gitti et al. 2012). Particularly, the amazing details pro-
vided by the sub-arcsecond spatial resolution capability
of the Chandra telescope has provided us with the clear
evidences regarding detection of few to few tens kpc sized
under-dense X-ray deficit bubbles or cavities in the wake
of the ICM of dozens of galaxy groups and clusters. As
a result cavity investigation and analysis has received
a systematic attention in the literature over last two
decades. Few of the well studied systems includes e.g.,
Perseus (Fabian et al. 2003, 2006), Cygnus A (Wilson et al.
2006), Hydra A (Nulsen et al. 2005), M87 (Forman et al.
2005), Abell 2052 (Blanton et al. 2001, 2009, 2011), Abell
2597 (Tremblay et al. 2012), Abell 1991 (Pandge et al.
2013), Abell 3847 (Vagshette et al. 2017), ZwCl 2701
(Vagshette et al. 2016), Abell 2390 (Sonkamble et al. 2015),
NGC 5813 (Randall et al. 2015), HCG 62 (Gitti et al.
2010), NGC 6338 (Pandge et al. 2012), where the presence
of X-ray cavities are well evident. These cavities or bubbles
are the X-ray deficit low density regions in the surface
brightness distribution, which float outward in the cooling
flow atmosphere until reaches equilibrium at some radius
where the ambient entropy becomes equal to that within the
bubble (Rafferty et al. 2006). The most accepted explana-
tion for the formation of such cavities is that the radio jets
launched by the central AGN carve these cavities, which
are then lifted in the ICM (Fabian 1994). The spatial asso-
ciation of the X-ray cavities with the radio jets and lobes in
majority of the cooling flow clusters strongly support this
scenario of cavity formation (Gitti et al. 2012; Fabian 2012).
The enthalpy content of X-ray cavities provide a reli-
able way of quantifying the lower limits on the energy input
by the AGN outburts. Here, the underlying assumption is
that the X-ray cavities are in pressure equilibrium with the
surrounding gas. Thus, investigation of X-ray cavities and
their systematic analysis act as an important probe to as-
sess the role of the AGN feedback in transferring heat to the
surrounding ICM (Bˆırzan et al. 2004; Rafferty et al. 2006).
Though numerous studies have been conducted using high-
resolution Chandra data in this regard, however, we still
lack in clear understanding of the exact mechanism of the
AGN heating (Mathews & Brighenti 2003). It is still not
clear what fraction of the mechanical power supplied by the
AGN goes in ICM heating. Therefore, a systematic study of
investigating the correlation between the ICM cooling and
the extent of the mechanical power in the form of X-ray cav-
ities in a large sample of galaxy clusters hosting cool cores
is of fundamental importance in delineating the impact of
the AGN feedback in the cores of galaxy clusters.
This paper is aimed to investigate AGN feedback in
the core of a galaxy cluster Abell 2626 (A2626 hereafter)
and to examine the possibility of the AGN-regulated heat-
ing of the ICM. This paper also assesses appropriateness of
the AGN heating with the cooling of the ICM on the ba-
sis of the radio power of the central black hole. This has
been achieved by analyzing the publicly available two sep-
arate Chandra observations of net exposure 134 ks and 1.4
GHz VLA radio data on A2626. A2626 has been identified
as a complex merging galaxy cluster (Struble & Rood 1999)
hosting a double nucleus at its core (Wong et al. 2008). This
cluster is also reported to host a radio mini-halo at ∼70
kpc from its centre (Wong et al. 2008) with a giant kite
shaped diffuse radio emission formed due to three radio arcs
(Gitti et al. 2004). In a recent study using low frequency
610 MHz GMRT observations Kale & Gitti (2017) have re-
ported the detection of the fourth radio arc making the ra-
dio emission to take the kite shaped morphology. Two cold
fronts have also been reported in this cluster associated with
the radio arcs (Ignesti et al. 2018). Rizza et al. (2000) found
an X-ray excess spatially associated with the radio source,
however, failed to detetct the X-ray deficit (bubbles) regions
formed by the radio plasma. Later, Shin et al. (2016) using
24 ks Chandra data detected one X-ray deficit cavity. As a
result, A2626 happens to be a potential candidate to study
the interaction between the X-ray emitting ICM and the
radio emitting plasma and also to assess the efficiency of
the radio feedback from the AGN. This paper is organised
as follows. Section 2 describes the observations and data
preparation. In Section 3 we describe the results from the
morphological and spectral analysis of the X-ray emission
from this cluster. A discussion on the results from this anal-
ysis is presented in Section 4, while brief summary of the
study is given in Section 5.
In this paper, we assume a standard Λ cold dark
matter (CDM) cosmology, with H0= 73 km s
−1 Mpc−1,
Ωm = 0.27, and ΩΛ = 0.73, so that at the redshift of
0.0553 (Struble & Rood 1999), 1 arcsec corresponds to 1.01
kpc. Errors quoted in the spectral analysis are in the 68%
confidence limit and the metallicities are measured relative
to those of Grevesse & Sauval (1998). In all the images
presented in this paper, the north is to the top and east is
to the left.
2 OBSERVATIONS AND DATA
PREPARATION
A2626 was observed twice by Chandra X-ray observatory on
2003 January 22 for 24.7 ks (ObsID 3192) and later on 2013
October 20 for 110.8 ks (ObsID 16136) in VFAINT mode
with the source focused on the back illuminated ACIS-S3
chip (Table 1). Level 1 event files corresponding to both
the observations were reprocessed using the chandra repro
c© 2017 RAS, MNRAS 000, 1–??
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Table 1. Details of Chandra X-ray observations of A2626
ObsID Instrument Obs Date Data Mode PI Exposure (ks) Cleaned Exposure (ks)
3192 ACIS-S 22 Jan. 2003 VFAINT Sarazin 24.7 24.3
16136 ACIS-S 20 Oct. 2013 VFAINT Sarazin 110.8 110.1
0 0.019 0.057 0.13 0.29 0.59 1.2 2.4 4.9 9.7 19
60 kpc
Figure 1. Background subtracted, merged raw 0.5-3 keV Chan-
dra image of A2626. For better visualization this image has been
smoothed with a 2σ Gaussian kernel. The brighter source on the
west of the central maximum is associated with a nearby mem-
ber IC 5337. Isolated point sources were excluded for subsequent
analysis.
task within CIAO V 4.9 using CALDB V 4.7.6 and were
corrected for the latest charge transfer inefficiencies and
time-dependent gain problems. The event files were also
filtered for flaring events exceeding 20% of the average
background count rates using lc sigma clip algorithm.
System supplied background files appropriate to each of
the observation were identified from the “blank-sky” using
acis bkgrnd lookup tool and were normalized to match the
10-12 keV count rate in the science frames. Both these
observations were merged after constructing their respective
PSFs to produce a single clean event file of 134 ks. Finally,
point sources detected in the merged image by the CIAO
tool wavdetect were removed and the holes due to their
removal were filled in with the background emission using
the tool dmfilth.
The background subtracted, exposure-corrected,
merged 0.5-3 keV Chandra image of A2626 shown in
Figure 1 reveals a number of features in the core region of
the cluster and are consistent with those reported by other
researchers (e.g., Wong et al. 2008; Ignesti et al. 2018). The
brightest region near the centre is associated with the cD
galaxy IC 5338, while the nearby galaxy IC 5337 is seen on
0.17 0.21 0.29 0.44 0.75 1.4 2.6 5.1 10 20 39
60 kpc
Figure 2. 0.5-3 keV adaptively smoothed Chandra X-ray image
of A2626. Notice the substructures evident in the central region
of this cluster emission.
its west at a separation of 85 kpc. Small fluctuations due
to the presence of cavities, excess emission, edge, etc. are
also apparent in the surface brightness distribution of the
X-ray emission in Figure 2. For better visualization this
image is smoothed with a 2σ Gaussian kernel. Figure 3
represents 5′×5′ SDSS g-band image of the central region
of this cluster, where the cD galaxy IC 5338 and the near
by member IC 5337 on its west are clearly visible. The inset
shows central 20′′×20′′ region of A2626 imaged using HST
delineating a pair of bright sources in the core of this cluster.
The NE (north-east) source WHL J233630.6+210850 (z
= 0.0546, RA: 23h36m30.6s, δ: +21d08m50s; Wen & Han
2013) and the SW (south-west) source IC 5338 (z = 0.0546,
RA: 23h36m30.4s, δ:+21d08m46s; Cava et al. 2009) are
seen at a separation of ∼ 3.4 kpc.
3 RESULTS
3.1 X-ray imaging analysis
To investigate the presence of X-ray deficit bubbles or
cavities and other hidden features within diffuse X-ray
emission we construct 0.5-3 keV unsharp-mask image
of the combined Chandra data. This was achieved by
subtracting an image smoothed at wider Gaussian kernel
c© 2017 RAS, MNRAS 000, 1–??
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Figure 3. The 5′×5′ (60kpc×60kpc) SDSS g-band image of
A2626. Central 20′′×20′′ of A2626 as observed by HST telescope
is shown in the inset, which exhibits two nuclear sources associ-
ated with the CD galaxy.
from that smoothed with a narrow kernal. We tried several
combinations of the Gaussian kernel widths to smooth
the images for deriving the unsharp-mask, however, the
one obtained after subtracting 18 arcsec wide Gaussian
kernel smoothed image from that with 2 arcsec yielded
the better visibility of the hidden features. The resultant
unsharp-mask image (Figure 4, left panel) clearly reveals a
number of features that otherwise were not apparent in the
cleaned X-ray image. The central excess emission (brighter
shade) is seen elongated in the north-south direction, while
a pair of depressions (darker shades) due to the presence
of X-ray cavities are on the east (E-cavity) and the west
(W-cavity) of the peak emission. The excess X-ray emission
seen on the west of the central source is due to a nearby
member IC 5337. The 1.4 GHz radio contours from VLA
data overlaid on this image exhibit association of the
southern radio arc with the arc shaped X-ray deficit region
in the unsharp-mask image and confirms the findings of
Shin et al. (2016) and Ignesti et al. (2018).
The features seen in the unsharp-mask were further con-
firmed in the residual map (Figure 4 right panel) obtained
after subtracting 2D smooth model of the X-ray emission
in the cleaned Chandra image of A2626. The smooth model
was obtained by fitting a 2D double β-model to the sur-
face brightness distribution in the cleaned 0.5-3 keV X-ray
image. This image clearly exhibit two X-ray deficit regions,
the E-cavity and the W-cavity, at ∼13 and 39 kpc, respec-
tively. Presence of the E-cavity was already reported by
Wong et al. (2008) and Shin et al. (2016), however, the re-
cent deep observations have exhibited presence of the W-
cavity in the surface brightness distribution. Ignesti et al.
(2018) could also detect the E-cavity, however, they sus-
pect it presence due to the artifact of the asymmetric X-ray
emission. We also confirm their presence through the X-ray
count analysis. For this we have extracted 0.5-3 keV counts
from the arc shaped annuli covering these cavity regions
and dividing them into several sectors. Different regions of
interests including X-ray cavities and excess emission are
highlighted in this figure. Like the findings of Wong et al.
(2008) this image reveals an arc shaped excess emission on
the north and the south of X-ray peak (Region 1 and 2) of
the cluster. We also find the extended excess X-ray emission
on the south-west (Region 3) of the X-ray peak as reported
by Wong et al. (2008).
To examine overall morphology of the hot gas distribu-
tion within A2626 we also derive its azimuthally averaged
surface brightness profile of the X-ray emission. For this we
extract the mean surface brightness in 2 kpc wide concentric
circular annuli centred on the X-ray peak of the exposure
corrected, background subtracted 0.5-3 keV X-ray image of
A2626. The resulting surface brightness was then fitted with
the standard β-model (Cavaliere & Fusco-Femiano 1976)
S(r) = S0
[
1 +
(
r
rc
)2]−3β+0.5
(1)
here, S0 and S(r), respectively, represent the central
surface brightness and at the projected distance r, β the
slope parameter depending on the ratio of the specific en-
ergy content of the dark matter and of the gas and rc rep-
resents the core radius. This model assumes that the X-ray
emitting ICM and the galaxies within a cluster are in hydro-
static equilibrium and follow isothermal distribution. The
single β-model fit yielded β = 0.4 and rc=13.6±0.2 kpc, and
is in agreement with that obtained by Ignesti et al. (2018).
However, deviates largely from that obtained by Wong et al.
(2008) (β ∼0.7). Usually, the standard model expects this
parameter to take value close to β ∼ 2/3 while constraining
the ICM distribution in outer parts of relaxed clusters. As
A2626 is a cool core cluster exhibiting excess X-ray emission
above that expected by the standard model in the central
region, therefore, single β-model fails to give appreciable fit.
For the cooling flow clusters, where non-gravitational heat-
ing is operative, this excess emission drives the core radius
and β value to taken low values (Helsdon & Ponman 2000).
As a result the slope parameter for the case of A2626 has de-
viated by a large factor. There are several cases of cool core
clusters for which the reported slope parameter values are
as low as 0.37 (e.g., Horner et al. 1999; Fujita et al. 2006;
Rafferty et al. 2013), and are related to the cooling flows
(Ponman & Bertram 1993; David et al. 1994). The larger
value obtained by Wong et al. (2008) is due to the reason
that they continue this fit out upto ∼800 kpc. Larger the
fitting radius, the β-parameter takes larger value (close to
unity; Bartelmann & Steinmetz 1996).
As the single β-model yielded larger residuals in the
inner region, to constrain the emission in a proper way,
we added one more β component for the fitting purpose
(Xue & Wu 2000)
S(r) = S01
[
1 +
(
r
rc1
)2]−3β1+0.5
+S02
[
1 +
(
r
rc2
)2]−3β2+0.5
(2)
The slope parameters and the core radii for the resultant fit
were then found to be 0.4, 0.7; and 2.2±1.1 kpc, 13.6±0.2
kpc, respectively, which are in good agreement with the
c© 2017 RAS, MNRAS 000, 1–??
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Unsharp Mask Image
Figure 4. left panel: 0.5-3 keV Chandra unsharp mask image of A2626 obtained after subtracting a 18σ wide Gaussian kernel smoothed
image from that smoothed with 2σ Gaussian kernel. Overlaid on it are the 1.45 GHz VLA radio contours (cyan colour) to check the
association of radio emission with the X-ray deficient regions (cavities). The 3σ radio contours are at 0.13, 0.21, 0.48, 0.92, 1.53, 2.33,
3.29, 4.44, 5.75 and 7.25 mJy beam−1. The radio image rms noise is 43 µJy beam−1 at the resolution of 9′′ × 9′′. Notice the substructures
in the X-ray surface brightness distribution. Darker shades represent the X-ray deficient regions while brighter are due to the excess
emission. right panel: 0.5-3 keV 2D smooth model subtracted residual map revealing hidden substructures embedded within the surface
brightness distribution in the environment of A2626. A pair of X-ray cavities (the E and W-cavity) is clearly seen. The regions of interests
used for the spectral extraction are overlaid on the residual image. Purple ellipses and the polygon indicates the regions of excess emission.
Three sectorial regions used for the surface brightness and spectral analysis are also highlighted in this figure.
standard model. The resultant azimuthally averaged sur-
face brightness profile (black triangles) along with the best
fit double beta model (the continuous line) are shown in
Figure 5.
Though the double beta model has constrained the clus-
ter emission appreciably, small derivations seen at some of
the radii are probably due to the presence of X-ray cavities
and excess emission. To investigate these features in further
detail we compute three more surface brightness profiles by
extracting X-ray emission from three different conical sec-
tors (Figure 4 right panel) namely, Sect1 (covering the E-
cavity i.e., 120o-220o), Sect2 (covering the excess emission
Region 3, 280o-350o) and Sect3 (theW-cavity, 350o-40o) and
are shown in the same figure. For comparison we also plot
the azimuthally averaged best-fit model on top of sectorial
surface brightness profiles and for better visualization are
shifted along the ordinate axis by arbitrary values. The de-
pressions in the surface brightness profiles along Sect1 and
Sect3 at 13.1 kpc and 38.9 kpc, respectively, are due to the
X-ray cavities, while the edges at ∼36 kpc and 33 kpc along
Sect2 and Sect3, respectively, corresponds to the cold fronts
(discussed in Section 4.5).
3.2 X-ray spectral analysis
To investigate the radial dependence of the ICM proper-
ties, we compute azimuthally averaged profiles of the ther-
modynamical parameters by extracting 0.5-7 keV spectra
from 78 different concentric annuli of widths 2 kpc, cen-
tred on the X-ray peak of the cluster emission. The an-
nuli were constructed from ObsID 16136 and yielded ∼4000
counts, except in the central region where the extracted
counts were ∼1000. Spectra were also extracted from ObsID
3192 using the same annuli as obtained for ObsId 16136. For
background treatment we used the system supplied blank-
sky frames. Spectra extracted independently from each of
the observation were then fitted simultaneously with a sin-
gle temperature collisional equilibrium plasma model apec
(Smith et al. 2001) modified by the foreground absorption
model wabs within XSPEC V 12.9.1, with the foreground
absorption column density fixed at NH = 4.3× 10
20 cm−2
(Kalberla et al. 2005).
We then compute the electron density ne (in units of
cm−3) from the apec normalization as (Smith et al. 2001)
ne =
√
1.2× 1014(4piD2A)× norm
(1 + z)2V
(3)
where, DA and V represent the angular diameter distance
of the source and volume of the spherical shell, respectively.
For the fully ionized gas with hydrogen and helium mass
fractions of X = 0.7 and Y = 0.28, we assume ne ∼ 1.18nH .
We also calculate the pressure and the entropy of the gas
within individual annulus as p = nkT and S = kTn
−2/3
e ,
respectively, assuming an ideal gas density of n ∼ 1.92ne.
The resulting profiles of the thermodynamical param-
eters temperature, metallicity, pressure and entropy of the
ICM are shown in left panel of Figure 6. A number of fea-
tures are apparent in these profiles. The temperature pro-
file exhibits a rise in the ICM temperature in the outer di-
rection and hence confirms the typical characteristic of a
c© 2017 RAS, MNRAS 000, 1–??
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Figure 5. Azimuthally averaged X-ray surface brightness (black
triangles) fitted with a double β model (continuous line) for the
gas emission from A2626. Surface brightness profiles extracted
along three wedge shaped sectors covering 120o-220o(red cir-
cles), 280o-350o (green diamonds) and 350o-40o (blue crosses)
are also shown in this figure. For better visualization the profiles
are shifted arbitrarily along Y-axis. Lower panel depicts residuals
between the data and the model.
cooling flow in the core of A2626 (Gastaldello et al. 2007;
David et al. 2009; Sun et al. 2009; Hlavacek-Larrondo et al.
2012; Sonkamble et al. 2015; Vagshette et al. 2016, 2017;
Sanders et al. 2018). Apart from this systematic rise, the
temperature profile also exhibit discontinuity at ∼33 kpc,
and is probably linked with the edge in the surface bright-
ness (Figure 5). Ignesti et al. (2018) have also reported an
inward jump in temperature at this location. The metallic-
ity profile shows a dip in the innermost bin, taking value
lower than one-half of the solar abundance, which then rises
to about 0.9 solar value and then drops to one-half of solar
value in the outskirt. A small drop in it is seen at ∼33 kpc.
The radial nature of the gas entropy in this cluster en-
vironment (row 4 of Figure 6) was then fitted with an em-
pirical model S(r) = S100(r/100kpc)
α (the grey line). Here,
S100 represents the gas entropy at 100 kpc and the expo-
nent factor α. The model could fit the data appreciably in
the outer region, however, showed deviation in the central
part of the cluster. To constrain it we fitted the data with
S(r) = S0+S100(r/100kpc)
α1 (shown by the blue continuous
line), where S0 represents an additional component of the
entropy at the core region, which modeled the data appre-
ciably. This plot clearly imply that the entropy in the central
region of the cluster is not reaching to the lowest value (ide-
ally zero), instead exhibits a floor at ∼14.8 keV cm2 and
towards some intermittent heating imply at the core. As the
surface brightness profiles along Sect2 and Sect3 show edges,
therefore, to confirm their association with the shocks and
cold fronts we also derive profiles of the thermodynamical
parameters of the X-ray emission from these two sectors. For
this we extract 0.5-7 keV X-ray photons from different sec-
torial bins of width ∼10 kpc from the wedge shaped sectors
with opening angles 280o-350o (Sect2) and 350o-40o (Sect3).
The extracted spectra were then treated in the same way as
above and profiles of the resultant parameters are shown
in right panel of Figure 6. The temperature profiles along
these sectors revealed small jumps at 36 kpc along Sect2
and at 33 kpc along Sect3. We also derive profiles of metal
abundance, pressure (p) and entropy (S). Metallicity profile
along the Sect2 shows a drop in the bin next to 30 kpc, while
the pressure and the entropy profiles showed discontinuity
at this location.
We also derive the azimuthally averaged, deprojected
profiles of the temperature and other thermodynamical
parameters. The deprojection analysis assumes the con-
tribution from the projected three dimensional spherical
shells into the two-dimensional circular annuli and removes
them following the “onion peeling” analogy of Blanton et al.
(2003). Here, the X-ray counts from the overlying layers
are removed from the successive shells and hence yields
very few counts and therefore required us to increase the
bin size to reach the required statistics. This method is
used for the spectral investigation because the fitting is af-
fected by the projection effect. Like above, spectra extracted
from the individual annulus were fitted simultaneously us-
ing the models wabs*apec and the results are shown in
Figure 7. A small discontinuity is apparent at ∼33 kpc in
the temperature and the metallicity profiles. The past stud-
ies report several clusters hosting cold fronts with an as-
sociated discontinuity in the metallicity profile and an ab-
sence of clear discontinuity in the temperature profile (e.g.,
A2052: de Plaa et al. 2010; A2199: Sanders & Fabian 2006;
2A 0335+096: Mazzotta et al. 2003). The larger errorbars
in the resultant profiles are due to fewer counts in the de-
projected shells.
We also perform the spectral analysis of the 0.5-7 keV
X-ray photons from different regions of interests shown in
Figure 4 (right panel) and were fitted independently using
the same model. The resultant thermodynamical parameters
are given in Table 2. Here, X-ray spectra extracted from the
ellipsoidal shaped X-ray cavities, discussed in Section 4.1
revealed that the plasma that fills the cavities is relatively
hotter than its surroundings. X-ray emission from Region 3
is also relatively hotter than that from other excess regions.
4 DISCUSSION
4.1 Cavity energetics
X-ray bubbles or cavities in the unsharp mask and residual
map of A2626 are likely formed due to the interaction be-
tween the radio jets launched by the central AGN and the
surrounding ICM. During an AGN outburst, the radio jets
do pV work on the ICM and inflate cavities, which then rise
buoyantly in the wake of the ICM until they reach pressure
equilibrium. Once they reach the equilibrium, where buoy-
ant velocity exceeds the expansion velocity, get detached
from the jets and hence can supply their enthalpy to the
ICM (Bˆırzan et al. 2004). Thus, the systematic studies of
c© 2017 RAS, MNRAS 000, 1–??
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Figure 6. left panel: Projected azimuthally averaged radial temperature profile of the gas within A2626 (first row). Like other cooling
flow clusters, temperature within A2626 exhibits an increasing trend as a function of the radial distance. We also plot the best fit
metallicity (row 2), pressure (row 3) and the entropy (row 4) in the same figure. The blue continuous line in the entropy profile represents
S(r) = S0 + S100(r/100kpc)α1, while the grey line represent S(r) = S100(r/100kpc)α2. Notice the floor or excess in the entropy in
the core region relative to the lowest value (ideally zero). right panel: Same as that in the left panel. The red data points are for the
extraction from the sectorial region with opening angles 280◦-350◦(Sect 2), while the green points are for the 350◦-40◦(Sect 3). Notice
the drop in the temperature just beyond 30 kpc in both the sectors and are probably associated with the edge in the surface brightness
along them. The vertical line indicate the location of the cold fronts.
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Figure 7. Azimuthally averaged, deprojected profiles of the temperature and other thermodynamical parameters. This method follows
“onion peeling” analogy to remove contribution from the overlying layers of the ICM (Blanton et al. 2003).
Table 2. Thermodynamical parameters of the X-ray emission from different regions of interests within the central region of A2626
.
Regions Region 1 Region 2 Region 3 East cavity West cavity
Temperature (keV) 2.95±0.07 2.89+0.05
−0.06 3.48±0.08 3.17
+0.13
−0.13 3.62
+0.27
−0.27
Abundance (Z⊙) 0.46±0.04 0.70±0.04 0.32±0.03 0.62
+0.11
−0.10 0.47
+0.13
−0.13
Pressure (10−9 erg cm−3) 2.02±8.2 2.03±7.8 3.19+1.3
−1.3 – –
Electron density (cm−3) 0.21±0.03 0.22±0.03 0.29±0.03 – –
Entropy (keV cm2) 8.18±8.3 7.85±0.7 7.95+0.66
−0.67 – –
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Table 3. Details of the energy contents of the X-ray cavities in
the environment of A2626
Cavity Parameters East cavity West cavity
R1 (kpc) 11.34 14.87
Rw (kpc) 8.5 9.91
R (kpc) 13.07 38.95
Cavity vol (cm3) 1.17×1069 2.36×1069
tage (yr) 1.7×107 8.4×107
4pV (erg) 2.10×1059 2.5×1059
Pcavity (erg s−1) 9.66×1044 3.61×1044
X-ray cavities in cool core clusters act as a calorimeter to
quantify the mechanical power that has been delievered by
the central AGN into the ICM without requiring its radio
observations. Chandra due to its high angular resolution has
provided us with a most reliable way of measuring the jet
power in several galaxy clusters through the cavity anal-
ysis. The total enthalpy i.e. sum of the pV work and the
internal energy that provides required pressure to support
the cavities was quantified following the standard procedure
outlined by Bˆırzan et al. (2004)
Ecav =
[
γ
γ − 1
]
pV (4)
where, p is the thermal pressure of the ICM at the cavity
position and was obtained from the projected radial profile
derived above, V the volume of the cavity and γ the adia-
batic index of the fluid filling the cavity. Assuming that the
cavities are filled with relativistic plasma i.e., γ=4/3, we es-
timate the enthalpy content of each of the cavity as Ecav =
4pV.
Assuming the X-ray bubbles as ellipsoids of the pro-
jected semi-major and semi-minor axes Rl and Rw, respec-
tively, oriented along the jet we estimate volume of each of
the cavity as V = 4piRw
2Rl/3. As depths of the bubbles
are not known, therefore, we assume cavities as prolate el-
lipsoids for estimating their volumes. The measured values
of the cavity sizes, volumes, and per cavity enthalpy content
(4pV) are given in Table 3. The accuracy in the measure-
ment of the average enthalpy content of cavities strongly
depend on the uncertainties in the volume measurement.
In the present study the cavity dimensions (Rl, Rw) and
hence volumes were measured by the visual inspection of
the unsharp mask image, therefore, are prone to systematic
errors. They are also strong functions of the data quality and
are affected by the projection effect in determining spatial
geometry of the cavity. As a result, volumes measured by
different researchers may vary significantly and hence may
lead to large uncertainties in the measurement of the total
enthalpy content of the cavities (Gitti et al. 2010). In the
present study we assume the errors in the volume measure-
ment to be ∼20%.
We then estimate the rate at which AGN injects its
energy into the cluster environment as Pcav = Ecav/tage,
where, age of the cavity tage was estimated assuming the
buoyancy rise time of the bubbles (Bˆırzan et al. 2004). The
cavity age is defined as the time taken by the cavity to reach
its terminal velocity and is given by
tage ≈ tbuoyancy ≈ R
√
ACD
2gV
(5)
7.7 Gyr
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Figure 8. Cooling time profile of the ICM in A2626. Horizontal
dotted line indicate the cosmological age of the cluster 7.7 Gyr
Here, R represents the projected distance of the cav-
ity from the cluster centre, S the cross sectional area
of the cavity (S = piRw
2), and CD the drag coefficient
(∼0.75 in the present case, Churazov et al. 2001). This
analysis yielded the average cavity power to be equal to
Pcav ∼ 6.6 × 10
44 erg s−1, and was utilized for heating up of
the ICM.
4.2 Heating vs cooling of the ICM
As was mentioned earlier, one of the primary goals of this
paper was to check whether the power supplied by the AGN
outburst is sufficient enough to balance the radiative loss of
the ICM. To establish this we derive the cooling time profile
using above derived azimuthally averaged profiles of tem-
perature, metallicity and electron density. The cooling time
tcool of a gas parcel with electron density ne, temperature T
and metallicity Z is defined as the time required for the gas
to radiate out its enthalpy and is given by Sarazin (1986),
tcool =
5
2
kT
µXHneΛ(T )
= 8.5×1010
( ne
10−3cm−3
)−1 ( T
108K
)0.5
(6)
where µ = 0.61 represents the molecular weight for a
fully ionized plasma,XH = 0.71 the hydrogen mass function,
and Λ(T ) the cooling function. The resultant cooling time
profile of the ICM shown in Figure 8 implies that the ICM
in the core region (∼ 14 kpc) must have cooled down to the
molecular phase a long ago. Here, the cooling radius (rcool)
is defined as the radius at which tcool becomes equal to the
age of the system, the look-back time at z=1 and is taken as
∼ 7.7 Gyr (Bˆırzan et al. 2012). The present analysis yielded
the cooling radius equal to ∼ 42 kpc and the X-ray cooling
luminosity equal to Lcool = 2.30± 0.02 × 10
43 erg s−1.
To establish whether the power injected by AGN out-
burst through the radio jets is sufficient enough to stop the
cooling of the ICM in this cluster we check the balance be-
tween the mechanical power measured from the cavity anal-
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Figure 9. left panel: Balance between the cavity power vs. X-ray luminosity within the cooling radius obtained from Rafferty et al.
(2006) (open triangles). For comparison, position of A2626 is plotted in the same plot and is denoted by the magenta diamond. The
diagonal lines indicate the equivalence between Pcav &Lcool for the enthalpy levels pV , 4pV and 16pV . For comparison, we also plot the
positions of other cool core systems from Nulsen et al. (2009); Hlavacek-Larrondo et al. (2012, 2013). right panel: Balance between the
cavity power (Pcav) vs 1.4GHz radio power for the sample studied by Cavagnolo et al. (2010). The dashed line represents the best fit
relation for their sample of giant ellipticals (gEs). A2626 occupies position well above the best-fit line by Cavagnolo et al. (2010).
ysis (Pcav) with the radiative loss of the ICM from within
the cooling radius (Lcool(< rcool)). For this we use Figure 6
of Rafferty et al. (2006), where they plot the cavity (me-
chanical) power against the total radiative luminosity of the
ICM (Figure 9 left panel). The diagonal lines in this figure,
respectively from top to bottom, represent the equality be-
tween them at the heat input rates of 1pV, 4pV and 16pV.
A2626 in this figure occupies position above the 1pV line,
implying that the ‘bubbling mode’ of the AGN outburst de-
posits about ∼29 times more power than required to offset
the cooling flow in its core. In this figure for comparison
we also show positions of other cool core clusters reported
by other researchers (e.g., Rafferty et al. 2006; Nulsen et al.
2009; Hlavacek-Larrondo et al. 2012, 2013).
Another convincing evidence for the confirmation of the
balance between the heating versus cooling of the ICM was
provided by the correlation between the mechanical power
measured from X-ray cavity analysis (Pcav) and the 1.4
GHz radio power of the central source (Bˆırzan et al. 2008;
Cavagnolo et al. 2010). As these cavities are being created
by the central AGN via radio jets and are being filled with
relativistic plasma, therefore one expects an obvious correla-
tion between the radio power and the cavity power. Further,
as synchrotron losses at low frequency 327 MHz are very
low relative to that at high frequency 1.4 GHz, therefore, a
strong correlation is expected between the AGN power and
the cavity power. However, 327 MHz is more sensitive to the
extended emission rather than the jet power alone, while 1.4
GHz traces the minimum jet power. Therefore, for the case
of AGN lifted X-ray bubbles Bˆırzan et al. (2008) observed a
better correlation between the 1.4 GHz radio power and the
mechanical power estimated through X-ray cavity analysis.
As a result to check the balance between the heating versus
cooling of ICM this correlation is a better probe. Similar cor-
relation was also reported by Godfrey & Shabala (2016) for
the case of FR-I galaxies. They also find a weak correlation
between the jet power and the radio luminosity. However,
they warn that such correlations are strongly biased by the
mutual distance dependence, therefore, must be taken with
great care (for details see Godfrey & Shabala 2016). With
an objective to check the balance between the two measure-
ments for A2626 we make use of the 1.4 GHz radio power
versus cavity power correlation of Bˆırzan et al. (2008) and
Cavagnolo et al. (2010). The best fit relation is shown by
the dotted diagonal line. The 1.4 GHz monochromatic radio
power P1.4GHz ∼ 4.30 × 10
39 erg s−1 (Gitti et al. 2004) and
above measured mechanical power yielded A2626 to occupy
position above the best fit relation in Figure 9 (right panel),
implying that the mechanical power estimated using cavity
analysis is in excess of the 1.4 GHz radio power. However,
it must be noted that the estimation of mechanical power
include large (∼ 20%) uncertainties due to the inaccurate
volume measurement, therefore, must be taken as the upper
limit.
4.3 Radio emission
The wealth of the high resolution X-ray and radio data on
a large sample of galaxy clusters has established that nearly
all the clusters with strong cool cores harbour a radio source
at their core (Dunn & Fabian 2006). A2626 is also reported
to host a radio-mini halo with the 1.4 GHz diffuse radio
emission spread in an atypical kite-like morphology with
atleast three bright radio arcs along the north, west and
south directions (Gitti 2005, 2013). Wong et al. (2008) pre-
dicted this unusual morphology of the radio emission likely
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due to the jet precession triggered by the gravitational in-
teractions between the two sources associated with the cD
galaxy. However, the later discoveries of the third arc on
the west by Gitti (2013), and the fourth arc on the east
by Kale & Gitti (2017) using the low frequency 610 MHz
GMRT data ruled out this model. Churazov et al. (2000)
described this unusual morphology as result of the propa-
gating buoyant radio emitting plasma that has been ejected
by the central AGN in the form of subsonic plumes during
its past activity.
With an objective to examine the spatial correspon-
dence between the X-ray bubbles and the radio emission we
overlay 1.4 GHz VLA radio emission contours on the X-ray
unsharp mask image of A2626 (Figure 4 left panel). The
radio contours clearly reveal the atypical diamond shaped
emission morphology even at low resolution. The central ra-
dio bar-like structure in the 1.4 GHz B configuration emis-
sion map presented by Gitti et al. (2004) roughly covers
both the bubbles. Such a spatial connection between the
E-cavity and the radio emission have also been detected
by Ignesti et al. (2018), however, they were cautious about
claiming the cavity detection due to the reason that these are
artifacts produced by the asymmetric X-ray emission. But
the study by Shin et al. (2016) claims that the depression in
the X-ray emission map is due to a cavity. Wong et al. (2008)
also report similar association between the radio emission
and the X-ray cavity, however, they find only E-cavity in
the low S/N 24 ks Chandra data (ObsID 3192). This analy-
sis using 134 ks Chandra data on the basis of their appear-
ance various image processing techniques, spatial association
with the radio emission, balance between the cavity power
and the observed radio power and cooling luminosity claim
that these detection are genuine and carved by the radio jets
launched by the central AGN.
4.4 Temperature and metallicity maps
In view of the complex nature of the X-ray emission and
merging of the sub-cluster for better understanding the ICM
structure in this cluster we obtain 2D maps of the temper-
ature and metallicity. The large number of counts detected
in the combined data enabled us to derive these maps. For
this, we construct contour bins of the spectral extraction
from 0.5-7 keV Chandra image following the procedure out-
lined (Sanders 2006). Each of the spatial bin generated was
ensured to have at least ∼3000 counts (S/N ∼ 50). The spec-
tra and the responses for individual bins extracted from both
the observations were then fitted simultaneously with an ab-
sorbed single temperature apec model within sherpa. As
before, the absorbing column density and the redshift were
fixed during the fit. Finally, 2D maps of temperature and
metallicity were constructed using the paint output images
task and are shown in Figure 10.
Though the resulting temperature map (Figure 10 left
panel) confirms the general trends of increase, a clear asym-
metry due to the complex nature of the ICM is evident.
The metallicity map also exhibit asymmetries in the form
of high-abundance arcs on the north-west and the south-
west of the core. We expect the errors in the temperature
measurement vary from 6% in the core to about 10% in
the outer regions, while that for the metallicity varied from
25% to 30%. Rafferty et al. (2013) propose that the observed
structures in the ICM temperature could be due to the past
AGN activity. However, it expects similar structures in the
temperature and metallicity distribution on either sides of
the centre, which is not the case with A2626. Therefore,
they are likely be formed due to minor mergers. The south-
ern arcs in the metallicity and temperature are found to be
associated with the edge in the surface brightness distribu-
tion (Section 3.1) and also show association with the VLA
1.45 GHz radio emission contours (Figure 10). Ignesti et al.
(2018) have proposed a possibility of merging of a subclus-
ter with main cluster centred on A2626. The supporting ev-
idences in favour of this merging are seen in the form of
the asymmetric arcs, the cold fronts and the southern X-ray
excess emission (Region 3 in Figure 4). This merging prob-
ably leads to sloshing of the ICM and hence uplifts the high
metallicity gas in the form of arcs.
4.5 Discontinuities in the surface brightness
Assuming that the edges in the surface brightness profiles
along sectors Sect2 and Sect3 are associated with the curved
geometry of the cold regions in the temperature map Fig-
ure 10, we investigate their relevance with the cold fronts.
The cold fronts are the contact discontinuities in the surface
brightness distribution due to the sloshing of the gas, where
a drop in temperature and rise in gas density is expected,
and are normally seen at the junctions of the merging clus-
ters (Markevitch et al. 2000; Vikhlinin et al. 2001). For this,
we extract the background subtracted 0.5-3 keV counts from
sectors Sect2 and 3 after dividing them in to sectorial bins.
The surface brightness along these sectors were then fitted
with the deprojected broken power-law density model Prof-
fit (version 4.1) developed by Eckert et al. (2011)
n(r) =


C n0
(
r
rfront
)−α1
, if r 6 rfront
n0
(
r
rfront
)−α2
, if r > rfront
, (7)
here, n(r) gives the electron density at the projected dis-
tance r, C = ne2/ne1 the density compression factor at the
edge, α1, α2 the power-law indices, and rfront the radius at
the putative cold front. This exercise provides with a precise
way of investigating discontinuities in the surface brightness
distributions.
The extracted surface brightness profiles along with
their best fit broken power-law models for Sect2 and Sect3
are shown in Figure 11 and the best-fit parameters are listed
in Table 4. This analysis exhibited discontinuities along both
the sectors Sect 2 and 3, respectively, at 36 kpc and 33
kpc with the ICM density jumps equal to 1.57 ± 0.08 and
2.06 ± 0.44. These edges are due to the cold fronts and are
supported by the small discontinuities in the temperature,
metallicity, pressure, electron density and the entropy pro-
files (Figure 6). The arcs in the temperature and metallicity
maps and arcs in the radio emission (Figure 10) also show
their association with these fronts. In a parallel work us-
ing the recent data (ObsID 16136) Ignesti et al. (2018) also
confirm the presence of cold fronts along both these sec-
tors. However, the positions at which they find these cold
fronts are slightly different, ∼29.5 kpc and 26.4 kpc along
Sect 2 and 3, respectively. This is because the opening an-
gels used by them for the sectorial extraction are different.
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Figure 10. Projected 2D maps of the thermodynamical parameters. (left panel) temperature (in units of keV) (right panel), metallicity
(in units of Z⊙). These maps have been generated using the contour binning technique of Sanders (2006). VLA 1.45 GHz radio contours
(white colour) are overlaid on to both the images to check their association with radio emission. The errors in the temperatures vary
from 6% in the central region to 10% in the outer regions, while those in the metallicity varied from 25% to 30%.
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Figure 11. X-ray surface brightness profiles in 0.5-3 keV energy band extracted from sectors in Sect2 (left panel) and Sect3 (right
panel). These profiles were fitted with broken power-law density model shown in solid lines. Insets in each panel show corresponding 3D
simulated gas density model. The bottom panels represent residuals due to fit.
They have noticed an inward temperature drops at both
the locations in projected as well as de-projected temper-
ature profiles, and are in agreement with our observations.
They have also reported the association of both these cold
fronts with the arcs in the diamond shaped radio emis-
sion and predict its origin due to the sloshing of the gas
in south region. Thus, the arc shaped cold fronts are likely
be formed due to sloshing of the gas at the interaction of
the infalling sub-cluster with the main cluster (purple arcs
in Figure 4 left panel). Similar inferences were also arrived
at by Wong et al. (2008); Kale & Gitti (2017); Ignesti et al.
(2018). Wong et al. (2008) witnessed a link between the ex-
cess X-ray emission due to IC 5337 on the west and the
diffuse radio emission, providing another evidence in favour
of the in-falling of the gas onto the centre of the main cluster.
4.6 The nuclear sources
Central 20′′×20′′ region of A2626 imaged with HST F355W
revealed clear detection of a pair of nuclear sources associ-
ated with the core of this cluster. With an objective to in-
vestigate their X-ray counterparts we examined the central
25′′×25′′ region of A2626 in both the Chandra observations
and found a pair of nuclear sources, the NE and the SW, sep-
arated by about 3.4 kpc, in agreement with those reported
by Wong et al. (2008) using the old 24 ks data. We show
the X-ray images of the central region of A2626 in two dif-
ferent energy bands (the soft 0.5–1 keV and hard 2–8 keV)
for both the observations in Figure 12 (c− e). In the X–ray
imaging, the SW source exhibits a clear detection in both
the energy bands of both the observations. However, the
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Table 4. Parameters of the broken power-law (PROFFIT) fit to the surface brightness edge along sect2 and sect3.
Angular Sectors α1 α2 r (kpc) Norm N0 (10−4) C X2/dof
2800-3500 (Sect2) 0.77±0.06 0.81±0.09 36±1 5.43±0.46 1.57±0.08 37.48/30
3500-400 (Sect3) 0.57±0.11 0.86±0.08 33±1 8.20±1.37 2.06±0.44 21.28/22
a)
HST - F555W
b)
SDSS r
d) ObsID 3192
2 - 8 keV
f) ObsID 16136
2 - 8 keV
c) ObsID 3192
0.5 - 1 keV
e) ObsID 16136
0.5 - 1 keV
Figure 12. Optical and X-ray imagery of central 25′′x 25′′of A2626 (a) HST F555W image, (b) SDSS r band image, (c), (d) Chandra
images using ObsId 3192. (e) and (f) Chandra images using ObsId 16136. Each of the Chandra image is divided in to two different energy
bins the soft (0.5 - 1 keV) and the hard (2 - 8 keV) and are smoothed using 2 pixel wide Gaussian.
NE source which emits most of its energy in the soft band
of the old data, was barely detected in the recent deeper
observation. Instead, we detect a soft component at about
2.′′2 towards the west of the NE source’s optical position
in the recent observation (Figure 12 c and e). Given the
90% uncertainty in the Chandra absolute astrometry corre-
sponds to a shift as high as 0.8′′. Even if we assume 99%
uncertainty, the expected shift will not be more than 1.′′4.
Therefore, it is unlikely that the positional change of the NE
source is due to the incorrect absolute astrometry of Chan-
dra . Alternately, it could be attributed to the positional
shift of this source over the span of 10 years. However, this
will require a velocity of ∼ 675 × c to move to the present
position relative to its appearance in the old observation and
is highly unrealistic. Also the fact that the NE source has
not changed its position and brightness in its corresponding
optical observations (Figure 12 a, b) though were separated
by six years, rules out this possibility. The bare detection
of the NE source in the recent observation can also be ex-
plained by considering that the source has underwent into
the spectral change or has faded away over the observational
span. The separation of 10 years between the two observa-
tions provides enough time for a super massive black hole
to undergo spectral change or fading (MacLeod et al. 2016;
Noda & Done 2018; Zetzl et al. 2018).
To investigate this, we measured the count rates from
the circular regions marked in Figure 12 and obtained the
hardness of both the sources in each observation and are tab-
ulated in columns 3 and 4 of Table 5. A comparison of which
revealed that the count rates in the soft band have decreased
for both the sources. However, the hardness ratio of the NE
source in both the observations has remained nearly same
while that of the SW has increased by almost three times.
The change in the hardness of an X-ray source could be at-
tributed to the contamination layer on the blocking filter
of the instrument involved. But it must be noted that such
a contamination will affect identically for both the sources
and hence change their hardness values similarly. Therefore,
it is likely that the observed changes in the hardness of the
SW source would be related to its intrinsic cause.
To confirm it further, we also compare their spectral
properties in both the observations independently. For this
we have extracted X-ray spectra from 1.′′5 regions centred
on each of the source for both the observations. Local back-
ground spectra just outside the source region were also ex-
tracted. We then generated the response matrices for each
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Table 5. Properties of the extracted counts from 1.5′′ regions centred on the two nuclear sources in Figure 12 for two different Chandra
ObsIDs.
From event file From Spectrum
ObsID Regions Soft Rate Hard Rate Count Hardness Soft Rate Hard Rate Spectral Hardness
(10−3 ct/s) (10−3 ct/s) (Hard/Soft Rate) (10−3 ct/s) (10−3 ct/s) (Hard/Soft Rate)
3192 NE-Source 1.27±0.23 0.25±0.10 0.20±0.08 1.16±0.27 0.026±0.158 0.01±0.09
SW-Source 1.47±0.24 0.65±0.16 0.44±0.13 1.69±0.31 0.437±0.2 0.26±0.13
16136 NE-Source 0.43±0.06 0.15±0.03 0.35±0.08 0.38±0.08 0.008±0.06 0.02±0.15
SW-Source 0.55±0.07 0.72±0.08 1.30±0.22 0.53±0.09 0.59±0.09 1.13±0.26
of the source in both the observations, which automatically
takes care of the time dependent contamination, if any. Then
we obtained the count rates in both the bands using XSPEC
and are shown in columns 6 and 7 of Table 5. The resultant
hardness ratios (column 8 in this table) estimated using the
spectroscopic study are in–line with those derived earlier
through the count rate statistics. We also tried to fit their
spectra using a simple power law component modified by
the Galactic absorption (TBabs × powerlaw) in XSPEC.
As the number of counts available for this fit were very few
therefore we used the C-statistics during the spectral fit. All
the parameters of the power law component were allowed
to vary independently. This provided a reasonable fit with
C−statistic of 352.7 for 360 degrees of freedom with the null
hypothesis equal to pnull = 0.64. The resultant spectrum is
shown in Figure 13.
The photon index (ΓPL) for SW source changes from
3.02+0.98−0.72 to 1.92
+0.25
−0.24 between the two observations, which
in turn imply that the source has moved into the hard state
compared to the older observation. However, this is not the
case for the NE source. The photon index for NE source was
found to be 3.58+1.10−0.87 and 3.04
+0.60
−0.47 for the old and recent ob-
servations, respectively, and is consistent at 90% confidence
range. Similarly, the variation in the power law normaliza-
tion was also within 90% confidence level.
The spectral analysis compliments our count rate
statistics since the spectral hardness of the NE source
remained almost constant in both the observations. The
observed decrease in the count rates of the SW source
could, therefore, be attributed to the fading of the AGN
probably due to the variation in the mass accretion rate
onto the central black hole (e.g., Di Matteo et al. 2005;
Hopkins et al. 2006). Although simulation study expect the
typical timescale of ∼ 104 years for such a change, there are
several sources that showed fading or change in states (from
type 1 to type 2) within few decades (Aretxaga et al. 1999;
Risaliti et al. 2005; Denney et al. 2014; LaMassa et al.
2015; Keel et al. 2015; Kosec et al. 2017). Another evidence
in support of the fading of the AGN was provided by their
associated outflows (Zubovas 2018). A massive outflow has
been confirmed in the case of A2626 in MUSE observations
(Green 2017). An alternative explanation for such a change
was provided by the observational and simulation studies
of interacting galaxies, where heavily obscured source due
to the increased local absorption column density could also
show a drop in its low energy photon flux (Kocevski et al.
2015; Ricci et al. 2017). However, in such situations the
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Figure 13. The source spectra extracted from 1.5′′ circular re-
gions centred on the NE (red) and SW (blue) nuclei for Ob-
sID 3192 (filled symbols) and ObsID 16136 (open symbols). The
best fitted absorbed power law model are also shown along with
the ∆χ variations (bottom panel). The spectra are fitted with
C−statistics and are rebinned for plotting purpose.
source would become harder, which is not true for the case of
the NE source and hence can be ruled out. We tried to test
this possibility by adding another absorption component to
the power law during the fit but the poor statistics could
not constrain the photon indices. The present data is not
enough to arrive at a conclusive scenario for A2626, there-
fore, another deeper simultaneous covering the soft and the
hard bands using sensitive instruments like XMM-Newton
is called for exploring these possibilities in a systematic way.
5 SUMMARY
This paper presents analysis of a combined 134 ks Chan-
dra data of a peculiar galaxy cluster A2626 at a redshift of
z=0.0553. This deeper dataset allowed us to investigate the
substructures in the central region of this cluster in more
details compared to those reported earlier using single shal-
low observations. This analysis confirms the earlier reported
east cavity at 13.1 kpc and detects one more cavity at 38.9
kpc on the west of the X-ray centre of A2626 and were con-
firmed through a number of image processing techniques as
well as the count statistics method. The average mechani-
cal power injected by the AGN outburst was estimated to
c© 2017 RAS, MNRAS 000, 1–??
14 Kadam et al.
be Pcav ∼ 6.6× 10
44 erg s−1 and is roughly 29 times more
than required to counter balance the cooling luminosity of
Lcool = 2.30± 0.02 × 10
43 erg s−1. The equivalence between
the cavity power and the monochromatic 1.4 GHz radio
power provided another evidence for the AGN heating of
the ICM.
The SB profiles along the west and the south-west
sectors exhibited edges, whose exact positions were mea-
sured by fitting them with the deprojected broken power-
law density model at 33 kpc on the west and at 36 kpc on
the south-west of the X-ray peak. Temperature drops were
seen at both these edges, while the pressure profiles were
almost continuous. We measure the gas density ratios of
nin/nout = 2.06± 0.44 and 1.57±0.08, respectively, at these
edges and are consistent with the typical values of cold fronts
in galaxy clusters. These edges are also associated with the
arcs in the temperature and metallicity maps and radio arcs
support the sloshing of the gas in A2626.
This paper also reports the systematic study of a pair
of nuclear sources using two independent observations sepa-
rated by ten years. The NE source, which previously emitted
most of its energy in the soft band, dramatically disappeared
in the recent data. Instead an excess emission was seen at
2.2′′ on its west and required a line of sight velocity of ∼
675 × c if is due to its movement. The count rate analy-
sis and the spectral analysis confirms the dramatic change
in the state of the SW source from type 1 to type 2 possi-
bly due to the change in the mass accretion rate. No such
change was noticed for the NE source. The low counts de-
spite of deep observation could either be due to the increased
absorption column or change in its spectral state as a result
of the changed accretion rate. The former will make the
spectrum harder, which is not seen in the spectral analysis.
Another deep X-ray observation is called for disentangling
these scenarios.
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